The saturating photon flux density (400 to 700 nanometers) for induction of flowering of the long day plant Anagalls arvensis L. was 1,900 micromoles per square meter per second (6,000 foot-candles) when an 8-hour dayiength was extended to 24 hours by a single period of suppemntary irradiation. The saturating photon flux density for photosynthetic CO2 uptake during the same single supplmentary lght period was lower, at about 1,000 to 650 micromoles per square meter per second (3,000 to 2,000 foot-candles). Hyoscyamus, Lolium, and Anethum (4, 7, 9, 25) . Such supplementary light may be given as light breaks of a few min or a few hr during the dark period, or continuously during the remaining part ofthe photoperiodic cycle. Low intensity supplementary light is adequate for phytochrome conversion, and the red, far red reversibility suggests that flowering in these plants is phytochrome-mediated (5, 30). In other LDP, however, such as Brassica (11, 13), Anagallis (6), and Sinapis (3), the flowering response is partly a function of the intensity and duration ofthe supplementary light. High intensity supplementary light may cause phytochrome changes (16, 17, 24, 28) , but this may not be the whole explanation of its effect on floral initiation (12, 13, 26 
LDP Rudbeckia and Avena (2) . Hyoscyamus grown in SD, close to the critical daylength, flowered when supplied with sugar (23) . Although all metabolic reactions are ultimately dependent on photosynthesis to supply energy substrates, a closer relationship between CO2 assimilation and photoinduction may exist. Sucrose or elevated levels of CO2 inhibited flowering of the LDP Lemna gibba under LD conditions on certain media but promoted flowering when plants were grown on different media (21) . Flowering was also promoted by treatment with DCMU. It was suggested that high levels of ATP promoted flowering and that the flowerinhibiting effect of treatment with high levels of CO2 was caused by the lowered ATP level resulting from increased CO2 fixation.
Recent experiments with the LDP Sinapis have shown that the effect of elevated carbohydrate levels may be complex (3) . When given during the first part of a LD, high intensity light increased flowering, while absence of CO2 reduced flowering. When given during the last part ofa LD, high intensity light reduced flowering, while absence of CO2 resulted in greater flowering.
The work reported here was carried out to determine the significance of photosynthetic CO2 reduction during the supplementary light period on floral induction of the LDP Anagallis arvensis L. The intensity dependence of flowering during a single supplementary light period was first characterized. The saturating light intensity for CO2 uptake and for flowering was then measured. The level of CO2 was varied by excluding or adding C02, and the carbohydrate status of the plant was varied by feeding sugars during the supplementary light period.
MATERIALS AND METHODS
Plant Material. All stock plants were a clone (G. 0.) of A. arvensis L. subsp. arvensis (1) to insure uniformity of genetic constitution. Seeds from lot 119-A were obtained from L. A. T. Ballard (1) . Repeated stem cuttings from a single original plant were planted in Vermiculite, given tap water for a week until rooted, and thereafter watered daily with one-fifth strength Hoagland solution (18 (Fig. 2) . The rate of light-saturated photosynthesis was about 280 ,ug m-2 sec'. Increases in the saturating photon flux density for CO2 uptake caused by possible mutual shading of plants were investigated by determining the CO2 uptake of both single shoots and groups of six shoots. There was no evidence for mutual shading; the saturating photon flux density was not significantly reduced for one plant as compared with six (Fig. 2) . To facilitate comparisons between experiments, rates of CO2 uptake are expressed as per cent of that at 650 ,umol m sec-.
The possible effect of self-shading of leaves on the same plant was measured by determining the CO2 uptake of intact single shoots or isolated leaf pairs of the same shoot. The saturating photon flux density did not significantly differ in the two cases (Fig. 2) . Under these experimental conditions it is apparent that mutual and self-shading effects did not occur, or were too small to alter significantly the saturating photon flux density for CO2 uptake.
Effect of Photon Flux Density on Photosynthesis during Supplementary Light Period. During the supplementary light period, duplicate sets of six shoots were maintained at various constant levels of irradiation. The rate of CO2 uptake was monitored every 4 hr by transferring each set to the analyzer and irradiating them at the appropriate photon flux density. These same plants were used for determination of the effect of photon flux density on flowering. At an intensity of 650 umol m-2 sec-1 or below, the rate of CO2 uptake remained constant during the 16-hr supplementary light period. Plants that were irradiated at 1,300, 1,900, and 3,200 t,mol m-2 sec-', however, had a reduced level of CO2 uptake during the second half of the supplementary light period. Taken as an average over the whole supplementary light period, the saturating photon flux density was 650 ,umol m-2 sec-' (Fig.  3) .
Effect on Flowering of Excluding CO2 during Supplementary Light Period. Some sets of shoots deprived of CO2 during photoinduction were simultaneously given glucose (10 kg m-3 glucose in water) through the basal ends. Removing CO2 during photoinduction significantly reduced flowering, but addition of glucose restored the level of flowering (Tables I and II) although small (from 20 to 54%), was significant (Table VI) . Figure I indicate that a high photon flux density is required for the induction of flowering. This result confirms the observation of Ballard (1) on the same strain (G. 0.) used in these experiments, and Brulfert (6), with the Paris clone, on the ineffectiveness of low photon flux densities for induction. The floral response of Anagallis is similar to that of Brassica (11, 13) and Sinapis (3) in the marked dependence on high photon flux densities. The inability of low photon flux densities to induce flowering suggests that photoprocesses other than the classical low irradiance phytochrome reaction control flowering in this plant. With prolonged and high levels of photon flux densities, the action spectrum for the promotion of flowering in Anagallis has a peak at about 710 nm (20) similar to that for Brassica and some other LD plants (12, 30) , indicating the activity of the high irradiance reaction (16) . Experiments in our laboratory have confirmed that high irradiances of broad-band far red radiation (as supplied by GE, B.C.J. lamps) also promote flowering in the G. 0. strain of Anagallis used in our experiments. The morphogenetic effects of the high irradiance reaction have been related to phytochrome activity in other plants (22) . The typical action spectrum of the high irradiance reaction, with a peak in the blnxe and far red, was similar to that for maintenance of a high level of phytochrome bound to a particulate fraction of corn coleoptiles (15) . In addition to such effects on phytochrome, high photon flux densities also increase the rate of photosynthesis, and thus the supply of photosynthates. Promotion of flowering by such an increased level of photosynthates is suggested by: (a) the ability of glucose to increase the level of flowering at low photon flux densities (Tables  V and VI the ability of glucose to overcome this inhibition (Table I) . Inhibition of CO2 uptake by DCMU also inhibits flowering in Anagallis (19; also confirmed in experiments in our laboratory). That the photosynthetic function of high photon flux densities is only part of their effect on flowering is shown by the lower light saturation for CO2 uptake than for floral induction (Fig. 4) , and the inability of high levels of CO2 during the supplementary light period to increase flowering (Table II) .
We concluded that high levels of photon flux densities promote flowering of Anagallis through two main effects: the action of phytochrome through a high irradiance reaction (20) also confirmed in our laboratory, and the promotion of flowering through increased photosynthesis as discussed above. The involvement of photosynthesis may itself be complex and include an increase in the level of carbohydrates as well as alterations in the levels of primary photoproducts such as ATP and NADPH.
